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ABSTRACT • The studies of offi ce chair constructions have identifi ed differences in perception of comfort pro-
vided by different types of seats. Four seat constructions and the comfort provided to the users were compared 
by means of subjective indicators. After a two-day sitting on each of the studied chairs, the subjects scored their 
perception of comfort and discomfort, using the questionnaire with 17 statements. Unlike most similar studies, 
subjects evaluated seats on their own work places and in the environment to which they are accustomed. Con-
structional forms of the seat and materials that contributed more to the sense of comfort by minimizing fatigue 
and pains developed by sitting were determined. Results have shown that the chair with a net is signifi cantly more 
comfortable than other chairs. The chair with molded PUR foam is signifi cantly more comfortable than the chair 
with springs, but statistically it does not differ signifi cantly from the chair with slabstock PUR foam. It has been 
concluded that the chair with a net got higher scores, which might be attributed to its frame construction and the 
absence of a hard base under the sitting surface. 
Keywords: subjective method, sitting, comfort, discomfort, offi ce chair
SAŽETAK • Istraživanjem konstrukcija uredskih stolica utvrđene su razlike u osjećaju udobnosti sjedenja na 
različitim sjedalima. Uspoređene su četiri konstrukcije sjedala i njihove udobnosti za korisnika, i to na temelju 
subjektivnih pokazatelja. Ispitanici su nakon dvodnevnog sjedenja na stolici ocjenjivali osjećaj udobnosti ili neu-
dobnosti odgovarajući na upitnik sa 17 ponuđenih tvrdnji. Za razliku od većine sličnih istraživanja, ispitanici 
su ocjenjivali sjedala na svojim radnim mjestima i u okolini na koju su naviknuli. Ispitivanjem su određeni kon-
strukcijski oblik sjedala i materijali izrade stolica koje pridonose osjećaju veće udobnosti time što minimaliziraju 
osjećaj zamora i pojavu bolova pri sjedenju. Rezultati su pokazali da je stolica s mrežom znatno udobnija od 
ostalih. Stolica s hladno lijevanom PUR spužvom mnogo je udobnija od stolica s oprugama, ali se statistički ne 
razlikuje od stolica s rezanom PUR spužvom u sjedalu. Zaključeno je da je stolica s mrežom najbolje ocijenjena 
zbog njene okvirne konstrukcije i zato što ispod površine za sjedenje nema tvrde podloge.
Ključne riječi: subjektivna metoda, sjedenje, udobnost, neudobnost, uredska stolica
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1  INTRODUCTION
1.  UVOD
Offi ce work, as work performed in sitting posi-
tion, requires sitting during most of the work time, with 
short walking and standing intervals (Hermenau, 1999; 
Wilder et al., 1996). According to Kapica and Grbac, 
the basic principle of a comfortable seat is contained in 
the system where the sitting bones take the body weight 
off, while the feet are not loaded and the spine main-
tains its natural posture. Construction of upholstery, 
shape and hardness of the sitting surface, degree of the 
seat and backrest deformity, etc. along with the prod-
uct’s overall construction determine the sitting comfort 
and level of tiring (Kapica and Grbac, 1998). It is a 
known fact that most of us rather sit than stand, that 
sitting does not require as much muscular work as does 
standing and that it is much easier to work while sitting 
because it stabilizes postures (Lueder, 2004), the arms 
and hands can be used freely and it is also easy to oper-
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ate pedals or controls with the feet (Kroemer et al., 
2003). However, according to Grandjean (quoted by 
Hermenau, 1999) sitting, unlike standing, increases the 
pressure to intervertebral discs up to 35 %. Other ana-
lytical studies addressed the pressure in the interverte-
bral discs as a function of trunk posture and body sup-
port (Kroemer et al., 2003). In addition, prolonged 
sitting can have many disadvantages, with long-term 
consequences to human health (van Deursen et al. 
1999).
The debate in the literature concentrates on the 
difference between comfort and discomfort. De Looze 
et al. (2003) quote that several researches simply de-
fi ned discomfort as the lack of comfort and vice versa 
(Hertzberg 1958; Floyd and Roberts 1958). Richards 
(1980), quoted by the same authors, stresses that com-
fort is the state of a person involving a sense of subjec-
tive well-being, in reaction to an environment or a situ-
ation. Other studies dealing with ergonomics, and in 
contrast with the concept of two discrete states, believe 
that comfort and discomfort are two opposites on a 
continuous scale, ranging from extreme discomfort 
through a neutral state to extreme comfort. The factors 
of comfort and discomfort can be classifi ed into several 
sub-groups: impression, relief/energy, well-being, re-
laxation, and fatigue, restlessness, pain/biomechanics, 
strain and circulation. Discomfort is usually caused by 
biomechanical factors and fatigue (Zhang et al., 1996). 
According to Ljuljka (1976), humans sit while travel-
ing, in the cinema and theatre and particularly through-
out their schooling. For this very reason, the chairs, in 
addition to responding to contemporary trends and de-
sign, must provide comfort above all. It is not that easy 
to accurately defi ne comfort of the furniture to sit on. 
There was a time when comfort was related to softness. 
Nowadays, it is accommodation to human body that 
counts. Quite true, soft furniture accommodates to hu-
man body, but that fact carries some additional prob-
lems. The basic factor of contemporary comfort is a 
specifi c pressure to the body. This pressure is smaller 
when the contact surface of human body is larger. It 
should be noted that the characteristics of upholstery 
are important for comfort and proper distribution of 
pressure (Ergić, 2002; Grbac and Ivelić, 2005). Ther-
mal conductivity and humidity penetration to the up-
holstery are very important and signifi cantly affect the 
comfort feeling (Vlaović et al., 2012). However, they 
have not been taken into consideration in this paper. 
The occurrence of CTDs (Cumulative Trauma Disor-
ders) in the offi ce environment has seen a tremendous 
increase in the recent years. While performing seden-
tary tasks, the worker should not feel any discomfort 
due to improper seating, that is, the worker should be 
in a state of non-awareness of the seat (Branton, 1969; 
quoted by Fernandez and Poonawala, 1998). Some of 
the aims of ergonomic sitting are to increase individual 
effectiveness, reduce tiredness and maintain the “cor-
rect” sitting posture. Improper sitting is the main cause 
of reduced performance during the work. Furniture us-
ers must not experience distracting pressure on their 
body. Furniture must allow the body to reach a desired 
posture, e.g. during lying on the bed, and if possible to 
achieve utmost comfort in that position (Grbac, 1984). 
The same principle can be applied to the seating furni-
ture (Vlaović, 2005). 
Along with the need to evaluate the chair suit-
ability, the primary objective of Drury and Coury 
(1982) study (quoted by Fernandez and Poonawala, 
1998) was to discover its strengths and weaknesses or 
to compare it directly to other chairs. Rating and rank-
ing are the two most common methodologies for evalu-
ating ergonomic offi ce chairs. A questionnaire contain-
ing comfort and discomfort scales is valuable for 
determining if comfort and discomfort ratings exist as 
a bipolar continuum (Potter et al., 1998). The method-
ology of direct interview about comfort degree (Rich-
ards, 1980; quoted by de Looze et al., 2003) is very 
direct given that comfort/discomfort is a subjective 
perception. In the perception of comfort/discomfort, 
the factors of comfort become secondary as long as the 
factors of discomfort are present. Biomechanical dis-
comfort factors increase as a function of time of day, 
and chair design did not seem to matter (Kleberg and 
Ridd, 1987). This explains why previous researchers 
have had diffi culties in differentiating between chairs 
in ergonomic evaluations. Many authors have observed 
that chair users, seemingly unaware, change posture 
constantly, supposedly to relieve the buildup of body 
pressure and discomfort. For example, crossing legs 
and putting one leg on top of the other changes the 
pressure distribution under the ischial tuberosities (He-
lander and Zhang, 1997). Potter et al. (1998) have 
shown that it takes several hours to make an accurate 
evaluation of a chair. Proper ergonomic evaluation and 
identifi cation of a chair comfort during 8-hour work-
day requires at least three hours (Fitzgerald et al., 
1996). Due to the fact that comfort descriptors related 
to chair design are not affected by time, whereas com-
fort descriptors related to well-being and most discom-
fort descriptors are affected by time, it is diffi cult to 
propose a measurement procedure. One option is to 
only evaluate one chair per day at a standard (pre-
defi ned) time. It has been proved (Zhang et al., 1996; 
Helander and Zhang, 1997) that both comfort and dis-
comfort can be quantifi ed independently, and the scales 
developed for the Chair Evaluation Checklist (CEC) 
provide consistent results, suitable for practical evalu-
ation of chair comfort and discomfort.
Further to the above, subjective method was used 
in this paper with the use of modifi ed CEC. The aim of 
the paper was to fi nd connection between different seat 
designs of offi ce chairs and their comfort/discomfort 
by subjective evaluation questionnaire.
2  MATERIALS AND METHODS
2.  MATERIJALI I METODE
 2.1  Samples and subjects
2.1.  Uzorci i ispitanici
The samples of ergonomic offi ce chairs selected 
for the research were in accordance with the relevant 
European Norms (EN). The samples provided natural 
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and appropriate sitting posture and relative comfort 
achieved by mechanism, seat and backrest quality and 
shape, and by adjustable armrests. Study design includ-
ed four (4) seemingly equal chair models, different in 
seat construction. All chairs were coded: Model A was 
the chair with the slabstock PUR foam in the seat (40 kg/
m3, thickness 50 mm), Model B was the chair with the 
molded PUR foam in the seat (40 kg/m3, thickness 50 
mm), Model C was the chair with the combination of the 
pocket micro-springs (Dspring 45 mm, dwire 1,6 mm, height 
40 mm) and molded PUR foam (40 kg/m3, thickness 15 
mm), and Model D was the chair with the seat made of 
elastic net. The models are shown in Figure 1.
Thirty-six subjects (18 females and 18 male) 
from 22 to 60 years of age (mean 35.1; SD 9.7), with 
the height of 156 to 187 cm (mean 173.6; SD 8.6) and 
weight of 48 to 103 kg (mean 71.9; SD 12.8) partici-
pated in the study. Their jobs were mostly performed in 
sitting position, within the time-span of 3 months to 27 
years. The subjects were grouped in nine syndicates of 
four. Before the experiment, subjects completed the 
questionnaire about their health problems, with the fol-
lowing results: headache 8 %, shoulder pain 11 %, 
neck pain 19 %, cervical spine pain 14 %, thoracic 
spine pain 3 %, lumbar spine pain 11 %, hip pain 0 %, 
legs pain – varicose veins 3 %, poor circulation 14 %, 
joint pain 6 %, leg swelling 8 %, knee pain 6 % and 
epiphany of hemorrhoids 11 %. Nineteen persons (53 
%) did not report any health problem.
2.2  Methods
2.2.  Metode
The method for this research is based on modi-
fi ed CEC questionnaire (original Chair Evaluation 
Checklist was developed by Helander and Zhang, 
1997), some adjusted questions within CEC, and some 
additional questions (Vlaović, 2005). The question-
naire consists of 17 statements about comfort and dis-
comfort, which were, contrary to the original CEC, 
mixed together. Besides, some questions were adapted 
to this study in order to emphasize the feeling obtained 
from the seat, not the chair: «The chair is spacious» 
was replaced by «The seat is spacious» and «The seat 
feels soft» instead of «The chair feels soft». The state-
ment «I feel uncomfortable» was excluded, and: «I feel 
pain caused by sitting», «I feel cramped», «I feel 
numb» and «I feel calm» were added. Later in the sta-
tistical analysis, all statements were separated, like in 
the original CEC, into those of comfort (6 statements) 
and those of discomfort (8 statements) in order to get 
inherent conclusions. Three of the above mentioned 
statements were later excluded from further statistical 
analysis to avoid potential bias, as they were not part of 
the original CEC.
The statements on comfort scale were the follow-
ing ones: «The chair looks nice», «I like the chair», 
«The seat feels soft», «I feel relaxed», «The seat is big 
enough», «I feel restful», «I feel calm» and «I feel 
comfortable». The statements on discomfort scale 
were: «I feel tired», «I feel restless», «I have sore mus-
cles», «I feel pain induced by seating», «I feel stiff», «I 
feel uneven pressure on thighs and buttocks», «I feel 
cramped», «I have heavy legs» and «I feel numb».
The answering order was not strict, but the an-
swers had to be provided between 11 a.m. and midday. 
Each of 17 questions included a statement (e.g. I feel 
uneven pressure on thighs and buttocks) and the num-
bered line. To answer, subjects had to mark with «X» 
the respective place on the line (Figure 2).
Every subject tested four chairs, each over two 
working days according to the preset scheme: fi rst day, 
the subjects adjusted the correct position and body po-
sition and started using a chair; on second day, after 
three hours of sitting, they had to complete the ques-
tionnaire. Afterwards they changed the chair and re-
peated a two-day cycle. They were also introduced to 
the research aim and to different seat cores. As in real 
offi ce-work situations, posture was not fi xed or con-
trolled except necessary chair adjustment – according 
to the instructions of an expert.
2.2.1  Testing of reliability and validity of comfort 
and discomfort scales
2.2.1.  Ispitivanje pouzdanosti i valjanosti skala 
udobnosti i neudobnosti
For the purpose of determining the reliability of 
created comfort and discomfort scales, statistical pro-
cedure was carried out to determine the reliability of 
the measuring instrument. The internal consistency cri-
 a) Model A b) Model B c) Model C d) Model D 
Figure 1 Chair models used in the study
Slika 1. Modeli stolica obuhvaćeni istraživanjem
Figure 2 An example of the questionnaire question
Slika 2. Primjer pitanja iz upitnika (s rasponom skale 
nimalo – umjereno – jako)
9. I feel uneven pressure on thighs and bu  ocks
Not at all Moderately Extremely
1 2 3 4 5 6 7 8 9
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terion Cronbach alpha was used to analyze reliability. 
Scale reliability testing was performed on overall re-
sults. In that way, for each statement of comfort scale 
(a total of 6) and each statement of discomfort scale (a 
total of 8), an average result was obtained for that par-
ticular statement. In accordance with the reviewed 
scale used by Helander and Zhang (1997), when creat-
ing scales, the statements “I feel cramped” and “The 
seat is big enough” were thrown out, and the statement 
“I feel comfortable” was not included in the comfort 
scale either, but it was used as a criterion variable dur-
ing the processing. Based on the values of the consis-
tency coeffi cient obtained (Cronbach alpha), it can be 
concluded that in both cases the scales are highly reli-
able in measurement (Table 1).
Another measurement characteristic is validity. 
The statement “I feel comfortable” was treated as a cri-
terion variable, and for correlation testing of the com-
fort scale results, discomfort scale results and the state-
ment “I feel comfortable” a Pearson r correlation 
coeffi cient was used.  According to the correlations ob-
tained, the following can be concluded: (1) there is sta-
tistically signifi cant negative correlation of medium 
strength between the comfort scale and discomfort 
scale (r = -0.55; p < 0.01), which is in accordance with 
the hypothetical model of comfort and discomfort sug-
gested by Zhang et al. (1996); (2) correlation between 
the comfort scale and the statement “I feel comfort-
able” is statistically signifi cant and high (r = 0.76; p < 
0.01) and of positive sign, and (3) correlation between 
the discomfort scale and the statement “I feel comfort-
able” is statistically signifi cant, of medium strength 
and of negative sign (r = -0.56; p < 0.01).
The reliability results of the comfort and discom-
fort scales, as well as validity of measurement, verifi ed 
via correlation with the statement “I feel comfortable”, 
have confi rmed the obtained results and enabled the 
use of these scales to verify the infl uence of different 




3.1  Evaluation of comfort and discomfort
3.1. Procjene udobnosti i neudobnosti
Subjective evaluation through the questionnaire 
was compiled on the level of a statement and divided 
by total number of subjects (36) in order to get the av-
erage result for a specifi c statement evaluation. Com-
plete results are published in Vlaović et al. (2008).
Given the fact that evaluation factor referred to 
comfort and discomfort, i.e. varied at two levels, 
whereas the chair factor varied at four levels (Models 
A, B, C and D), eight MANOVA variables were devel-
oped to check the effect of each chair on the evaluation 
of comfort/discomfort. Figure 3 shows the results of 














Table 1 Characteristics of comfort and discomfort scales










Aritmetička sredina 5.28 2.95
Standard deviation
Standardna devijalcija 0.56 0.82
Minimum / Minimum 4.21 1.84
Maximum / Maksimum 5.72 4.17
Standardized Cronbach alpha
Standardizirani Cronbach alfa 0.86 0.88
Figure 3 Average scores (and standard deviations) of comfort and discomfort – MANOVA variables
Slika 3. Prosječne ocjene (i standardne devijacije) udobnosti i neudobnosti – MANOVA varijable
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4  DISCUSSION AND CONCLUSION
4.  RASPRAVA I ZAKLJUČAK
The reliability results of the comfort and discom-
fort scales and validity of measurements via internal 
consistency Cronbach alpha and Pearson r correlation 
coeffi cient with the statement “I feel comfortable”, 
have confi rmed the results obtained so far. Those facts 
enabled the use of comfort and discomfort scales for 
the verifi cation of different constructions of offi ce 
chairs based on personal experience of comfort.
T-test for dependent samples has shown that the 
Model D is signifi cantly more comfortable than other 
chairs. Model B is signifi cantly more comfortable than 
the Model C, but statistically it does not differ signifi -
cantly from the Model A. The rank of studied seat con-
structions/chairs by comfort is as follows: a seat with a 
net (D – the most comfortable seat), a seat with molded 
PUR foam/seat with PUR foam (B/A) and a seat with 
springs (C – the least comfortable seat).
Also, statistically signifi cant differences have 
been obtained by evaluation on a discomfort scale. Sig-
nifi cant differences appear in evaluation of the chairs 
with a net, with springs and with PUR foam. The dif-
ference in evaluated discomfort of Model D and Model 
B is not statistically signifi cant. Signifi cant is the dif-
ference between the evaluated discomfort of Model C 
and Model B, where the former one is scored signifi -
cantly higher on the discomfort scale. The rank of stud-
ied seat constructions/chairs by discomfort is as fol-
lows: a seat with springs (C – the most uncomfortable 
seat), a seat with PUR foam (A) and a seat with molded 
PUR foam/a seat with a net (B/D – the least uncomfort-
able seat).
It should be noted that the subjects showed more 
preference for the statements about aesthetic character-
istics of the chairs that were closely related to the com-
fort scale, rather than to discomfort scale, which can be 
verifi ed in Vlaović (2005). It has been concluded that 
the chair with a net got higher scores, which might be 
attributed to its frame construction and the absence of 
a hard base under the sitting surface. This fact, along 
with good elasticity of the net, enables uniform and de-
sirable pressure distribution. On the other hand, the 
chair with the most common seat design (slabstock 
foam) proved to be the next favorite. The reason for 
that can be found in the thickness of the seat foam (50 
mm). The same explanation can be applied to a molded 
seat. Although all chairs (except the one with the net) 
had an even seat thickness, in the seat with springs, the 
layer of the PU foam was only 15 mm. As a result of 
the user’s body load, the seat reached bottom-out (lack 
of support under full weight load) very quickly, and 
therefore users felt discomfort.
Unquestionably, support must be given to further 
similar interdisciplinary research on materials and con-
structions, which are inherently different from the top 
scored netted model in this study and which provide sig-
nifi cantly less differences in perception of comfort than 
do the available ones. That joint consideration of the fur-
niture mostly used during daytime must be designed so 
as to provide comfort and prevent various disorders of 
the spine, joints, blood circulation, allergies, etc.
3.2  The differences in evaluation due to seat 
construction and material
3.2.  Razlike u procjenama s obzirom na konstrukciju i 
materijal sjedala
The data were processed by statistical software 
SPSS 10.0.7. Signifi cance of differences in subjective 
evaluation of comfort and discomfort was checked by 
multivariate analysis of variance (MANOVA) with re-
petitive measuring of two factors – evaluation and 
chair (Table 2).
In evaluating all studied chairs, the scores for 
comfort on the respective scale were signifi cantly 
higher than those for discomfort on the respective 
scale. This means that the subjects scored all chairs as 
more comfortable than uncomfortable. 
Evaluation interaction on scales and on chairs 
was statistically signifi cant. In order to determine on 
which scale evaluations are signifi cantly different, a 
post-hoc analysis with t-test for dependent samples 
was carried out. T-test results are given in Table 3.
According to the below table, in testing differ-
ences in comfort evaluation between Model D and 
Model C, the fi rst one has shown to be signifi cantly 
more comfortable (t = 3.58; p = 0.00); in testing differ-
ences in discomfort evaluation between Model D and 
Model C, the second one has shown to be signifi cantly 
more uncomfortable (t = -3.66; p = 0.00); in testing dif-
ferences in comfort evaluation between Model D and 
Model B, the fi rst one has shown to be signifi cantly 
more comfortable (t = 2.61; p = 0.01); while in testing 
differences in discomfort evaluation between Model D 
and Model B, there has been no signifi cant difference, 
etc.
Table 2 MANOVA – signifi cance of tested differences
Tablica 2. MANOVA – značajnost testiranih razlika
F p*
Scales / Skale 79.202 0.00
Chairs / Stolice 2.531 0.12
Scales * Chairs / Skale * stolice 5.259 0.03
*p = signifi cance of differences / značajnost razlike
Table 3 T-test of signifi cant evaluation differences of chairs 
on comfort and discomfort scales
Tablica 3. Testiranje značajnosti razlika u procjenama 









t p t p
Model D vs. Model C 3.58 0.00* -3.66 0.00*
Model D vs. Model B 2.61 0.01* -1.58 0.12
Model D vs. Model A 3.14 0.00* -2.24 0.03*
Model C vs. Model B -2.11 0.04* 2.62 0.01*
Model C vs. Model A -1.00 0.32 1.48 0.15
Model B vs. Model A 1.52 0.14 -1.09 0.28
*The differences are statistically signifi cant at 5 %. / Razlike su 
statistički značajne na razini 5 %.
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